Abstract -The effect of primary amino groups and molecular mass of chitosan on the stability of suspensions based on nanoscale TiO 2 dispersions in acidic solutions of various concentrations at pH 2.5 was studied. In the case of chitosan prepared according to a commercialized process, the stability of TiO 2 suspensions was low and depended on the concentration of the polymer solution. Solutions of low-molecular-mass highly deacetylated chitosan prepared by solid-phase synthesis stabilized a dispersion of nanosized TiO 2 particles for a very long time. Nanocomposites based on a chitosan-PVA graft copolymer and TiO 2 were prepared, in which the initial filler dispersion is retained up to very high filling ratios. A potential use of these nanocomposites in photocatalytic processes is discussed. The results of this study can be used for refining engineering procedures and processes for the manufacture of new biocompatible, bioactive, and biodegradable functional composite materials based on chitosan and synthetic polymers.
INTRODUCTION
Preparation of multifunctional hybrid organic-inorganic materials for their further application in various areas, such as optics, electronics, biology, and biotechnology, presents a challenging task. In recent years, particular attention has been given to the preparation of biopolymer-based nanocomposites, since materials of this kind can serve as functional analogs of naturally occurring materials.
Among known functional fillers for nanocomposites, nanosized titanium dioxide (TiO 2 ) particles occupy a special place. Polymer matrices containing dispersed TiO 2 nanoparticles can find a practical use for mediating photochemical processes [1, 2] in membranes, catalytic sensors, and photosensitive materials and for stimulating various biochemical and biophysical processes.
Chitosan is a promising polymer matrix for such materials [3] . In addition to its biodegradability and biocompatibility, this polymer can form various chemical bonds with inorganic components of composite materials and, thus, can enhance the stability of filler dispersion on the nanoscopic scale even at high filler ratios. The use of biodegradable polymers is generally limited and by their poor physical and mechanical characteristics by difficulty of processing. This observation refers in full measure to polysaccharides, which are infusible and sparingly soluble polymers; therefore, the design of composite materials on their basis requires new approaches to be advanced.
We have developed a novel process [4] for the solvent-free modification of infusible and poorly soluble polymers (cellulose, chitin, chitosan) . This method combines mechanical activation of substrates and their intensive mixing with a reagent by the action of pressure and shear stresses and allows the preparation of new types of polymer materials. As compared with chitosan, the chitosan-PVA graft copolymers synthesized according to this process have an improved solubility in neutral aqueous environments and are good film-forming materials. These properties ensure successful operation with pH-sensitive enzymes, proteins, and other biologically active substrates that are suitable for photosensitization with TiO 2 .
The objective of this study was to examine the structure and properties of the new type of nanostructured composite materials based on nanosized TiO 2 and modified chitosan prepared with the unique solid-phase process. The process used in this study differed from the one described in [5] in that butanol was removed by repeated washing of the precipitate instead of ultrafiltration. The TiO 2 concentration in the sol stabilized in water (pH 1.3) was 1.8 wt %. Complete sol stabilization at room temperature took two months, as was monitored by measuring the turbidity and hydrodynamic radius of particles.
Nanocomposites Based on Modified
To prepare TiO 2 nanocomposites, a graft copolymer of chitosan and PVA containing 15 wt % chitosan was used as a matrix polymer [4] . For reference measurements, we also studied chitosan with a high degree of deacetylation (0.90-0.95) and a low degree of crystallinity, which was prepared via the solid-phase synthesis [6] under the joint treatment of chitosan and solid NaOH in an extruder.
Organic and inorganic components were blended at room temperature. To measure the mechanical characteristics and to perform structural studies, films of different thicknesses were prepared by casting 5% copolymer aqueous solutions onto a glass substrate. The cast solutions were dried at 50 ° C for 2 h, and the films were held at a constant relative humidity of 44% for 24 h prior to tests. Films containing 25 and 8 wt % TiO 2 (6 and 2 vol %, respectively) were prepared by casting 5% copolymer aqueous solutions containing nanosized TiO 2 particles. The films were mechanically strong, transparent, and homogeneous.
Spectroscopic measurements were made with an modified SF-46 spectrophotometer over the wavelength range of 190-1200 nm.
The mechanical characteristics of the materials were studied on a Shimadzu AGS-10 universal testing machine.
Wide-angle X-ray diffraction patterns were recorded on a Bruker D8 diffractometer with a germanium single-crystal focusing monochromator on a primary beam ( Cu K α irradiation) and with sample rotation in the transmission mode over the range of scattering angles 2 θ = 10°-60° .
Small-angle X-ray scattering curves were recorded on a KRM-1 diffractometer with a slit collimation of the primary beam (Ni-filtered Cu K α radiation; scintillation counter). As a scattering coordinate, the scalar of the scattering vector s = 4 π sin( θ )/ λ was used, where 2 θ is the scattering angle and λ = 1.54 nm is the X-ray wavelength. The X-ray scattering intensity was recorded over the s range of 0.07-4.26 nm -1 . The preliminary processing (smoothing, normalization) of initial X-ray scattering curves, corrections for parasitic scattering and scattering by the buffer, and collimation corrections were made by means of the SYRENA [7] and GNOM [8] software suite.
RESULTS AND DISCUSSION
At the first stage of the study, we investigated the effect of the amount of primary amino groups and molecular mass of chitosan on the stability of suspensions of TiO 2 nanoparticles in acidic solutions of the homopolymer (pH 2.5) at different concentrations.
The results of the tests are summarized in Table 1 . Chitosan samples 1-3 were prepared with the solidphase synthesis [6] ; samples 4 and 5 were prepared in the laboratory via the process that is currently used in industry and comprises chitin deacetylation in an alkali solution [9] . As follows from Table 1 , the stability of TiO 2 suspensions for the chitosan prepared by the industrial procedure [9] depends on the molecular mass of the polymer and its concentration in solution. Solutions of low-molecular-mass highly deacetylated chitosan synthesized by the procedure as described in [6] stabilized nanosized TiO 2 in polymer solutions of the given concentrations over the entire period of the experiment (more than a month).
The basic disadvantages of using chitosan as polymer matrices for biologically active compounds * The molecular mass of chitosan was determined according to the procedure described in [10] ; the amount of NH 2 groups, by IR spectroscopy; the stability of suspensions, by UV spectroscopy and turbidity measurements.
